Changes in Pupil Area During Low-energy Femtosecond Laser Assisted Cataract Surgery by Mirshahi, Alireza & A. Ponto, Katharina
Original Article
Changes in Pupil Area during Low-energy
Femtosecond Laser-assisted Cataract Surgery
Alireza Mirshahi1, MD; Katharina A. Ponto2,3, MD
1Dardenne Eye Hospital, Bonn, Germany
2Department of Ophthalmology, University Medical Center Mainz, Germany
3Center for Thrombosis and Hemostasis, University Medical Center Mainz, Germany
ORCID:
Alireza Mirshahi: https://orcid.org/0000-0003-3899-8972
*The abstract of this study was presented at ESCRS Annual Meeting, Lisbon, Portugal, October 2017.
Abstract
Purpose: To study the potential changes in pupil areawithin low-energy femtosecond-laser assisted cataract
surgery (FLACS).
Methods: A retrospective assessment of the pupil size was performed in the eyes undergoing FLACS using
the Ziemer LDV Z8. We measured the pupil diameters as part of the images taken preoperatively and at the
completion of laser pretreatment (after releasing the suction). We calculated the pupil area in 40 eyes of 40
patients (14 right and 26 left eyes). The mean ± standard deviation (SD) of age of the patients was 74 ± 7.4
years (range: 51-87). Paired t-test was used for statistical analyses. Subgroups were built with reference to
age and preoperative pupil area (smaller than or equal to the median versus larger than the median).
Results: The mean ± SD axial length, anterior chamber depth, white-to-white distance and lens thickness
were 24.01 ± 1.47, 3.23 ± 0.4, 11.97 ± 0.49, and 4.59 ± 0.41 mm, respectively. The mean ± SD pupil area was
39.33 ± 7.1 mm2 preoperatively and 39.3 ± 6.75 mm2 after laser pretreatment. The mean ± SD change in
pupil area was -0.03 ± 2.12 mm2. There were no statistically significant changes between preoperative and
post-laser pupil areas (P = 0.93, 95% CI: -0.71 to 0.65). Comparisons within subgroups also did not detect
pupil area reduction.
Conclusion: This study did not detect statistically significant changes in pupil area after laser pretreatment
using low-energy FLACS. This observation is in contrast to previous studies using other laser platforms.
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Femtosecond laser-assisted cataract surgery
(FLACS) has undergone considerable evolution
since its introduction by Nagy et al in 2009.[1–4]
Currently, FLACS is thought to be safe and
effective, as reported by several studies.[1, 5, 6]
This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed under the
identical terms.
How to cite this article:Mirshahi A, Ponto KA. Changes in pupil area during
low-energy femtosecond laser-assisted cataract surgery. J Ophthalmic Vis
Res 2019;14:251–256
@ 2019 J  O  V R | PUBLISHED BY KNOWLEDGE E 251
Pupil Area in Low-energy FLACS; Mirshahi and Ponto
Nevertheless, several technology-specific compli-
cations and side effects have been reported with
the use of FLACS.[7, 8] Intraoperative miosis has
been repeatedly reported as a common problem
in association with FLACS. The narrowing of the
pupil after laser pretreatment makes surgery more
challenging to the surgeon, potentially resulting in
a higher rate of capsule-related complications.[9]
Previous studies using early “high-energy” fem-
tosecond lasers have shown a substantial increase
in the number and severity of episodes of intraop-
erative miosis with a prevalence ranging between
9.5% and 32%.[7, 10–13] In a previous study, Jun
et al reported that the duration of laser pretreat-
ment and patient age correlated with decreased
pupil area measured by intraoperative surgical
images.[13] Researchers believe that increased lev-
els of prostaglandin E2 (PGE2), as measured imme-
diately after laser pretreatment, are responsible for
intraoperative narrowing of the pupil.[12–15] PGE2
is released when ocular tissue is exposed to
femtosecond laser cutting side effects.[16]
Conventional “high-energy” femtosecond lasers
emit pulses with an energy in the 4 to 15 microjoule
(𝜇J) range,[7, 10, 14] whereas the newer low-energy
concept uses high-pulse repetition rates above
1 MHz and a low-pulse energy in the nanojoule
range[16] This is achieved using a high numerical
aperture in the laser focusing optics,[15] enabling
small laser spot sizes.
We hypothesized that the number and extent of
episodes of intraoperative miosis would decrease
in FLACS using a low-energy femtosecond laser
compared to previously published literature. There-
fore, we conducted this study to assess the change
in pupil size in eyes undergoing cataract surgery
using a low-energy femtosecond laser.
METHODS
This retrospective case series included eyes that
had undergone FLACS using a Ziemer Z8 Femto
LDV (Ziemer Ophthalmic System, Port, Switzerland)
and an Alcon Infinity phacoemulsification system
(Alcon Lab., Fort Worth, TX, USA) in Dardenne Eye
Hospital, Bonn, Germany. All surgeries were per-
formed by one experienced surgeon (AM) between
September 2016 and April 2017.
The following data were extracted from patient
records: age, laterality of surgery, axial length,
anterior chamber depth, lens thickness, white-to-
white distance, and special notes in the surgery
report. Data on axial length, anterior chamber
depth, lens thickness, and white-to-white were
taken from laser biometry performed on the day of
surgery (IOLMaster 700, Carl Zeiss Meditec, Jena,
Germany). If data of both eyes of a patient were
available, records of the first surgical eye were
used.
We used images taken from surgical videos at
the following time points: (1) preoperatively, shortly
before docking the laser and (2) immediately after
vacuum suction released (end of femtosecond
laser pretreatment). The ethics committee of the
North Rhine Medical Chamber ruled that approval
was not required for this retrospective study. It was
performed in accordance with the tenets of the
Declaration of Helsinki.
Surgical Technique
One experienced surgeon (AM) performed all fem-
tosecond laser pretreatments and phacoemulsifi-
cation procedures. All patients received the local
standard-of-care preoperative pupil enlargement
regimen consisting of tropicamide 5 mg/ml (Mydri-
aticum Stulln®UD, Pharma Stulln GmbH, Stulln,
Germany) and phenylephrine 5% (Neosynephrin-
POS®5%, Ursapharm Arzneimittel GmbH, Saar-
brücken, Germany) eye drops, four times each.
No patient received additional nonsteroidal anti-
inflammatory drugs (NSAIDS). All surgeries were
performed under peribulbar anesthesia. With the
surgeon sitting at the 12 o’clock position, the
Ziemer Femto LDV Z8 was positioned in an
oblique angle. After disinfection and sterile drap-
ing, the femtosecond laser interface was posi-
tioned and vacuum suction was applied (approx-
imately 420 mbar). Standard laser parameters
were 6-mm-diameter laser lens fragmentation in
six pieces, at 105% laser energy followed by a
5.2-mm-capsulotomy diameter using 90% laser
energy. Suction was released after the com-
pletion of capsulotomy. No other surgical steps
were done with the femtosecond laser system.
The surgeon moved on with further surgical
steps including posterior limbal main incision
of 2.8 mm, two paracenteses of 1.1 mm each,
introduction of a dispersive viscoelastic device
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into the anterior chamber, removal of capsu-
lotomy by forceps, hydrodissection, hydrodelin-
eation, high-vacuum phacoemulsification, biman-
ual removal of lens cortex, posterior capsule
polishing, IOL implantation, bimanual removal of
viscoelastic device, and hydration of the paracen-
tesis.
Pupil Area Measurement
We used images taken from the surgical videos
to measure the horizontal and vertical diameters
of the pupil. Fiji, an image processing package
of ImageJ software Version 2.0.0-rc-49/1.51a was
used to measure the pupil diameters in pixels.
The pixel measurements were then converted into
millimeters, individually for each patient, using the
constant limbus horizontal and vertical size as a
reference. Assuming the pupil has an ellipsoid
shape, we calculated pupil area as vertical radius
multiplied by horizontal radius multiplied by 𝜋.
Statistical Analyses
As there is no previous data on this topic, the
present study was done as a pilot project. Besides
identification of potentially associated parameters,
we aimed to establish baseline data to be used
for a thorough sample size calculation in a future
study. We calculated descriptive measurements for
the pupil area at the time points mentioned earlier
and the difference between preoperative and post-
laser pupil areas. The main analysis examined
possible differences in the pupil area of the individ-
ual measurements from the baseline preoperative
measurement. To detect effects by larger or smaller
preoperative pupil areas, a subgroup analysis was
performed to evaluate the changes in pupil area in
eyes with preoperative pupil areas smaller or larger
than the median pupil size of all eyes included in
the study. Furthermore, we separately evaluated
eyes of older and younger patients (age ≤ the
median age versus age > the median age). We
used paired t-tests for statistical analyses. P-values
< 0.05 were considered statistically significant. All
statistical analyses were performed using SPSS
(Statistical Package for the Social Sciences, version
25, Chicago, Illinois).
RESULTS
We included 40 eyes of 40 patients in this retro-
spective study (mean age: 74 ± 7.4 years, range:
51-87) with complete data available within the
study period. If data were available from both
eyes, data from the first eye operated on were
used. The study sample comprised 14 (35%) right
and 26 (65%) left eyes. Preoperatively, glaucoma
and pseudoexfoliation were diagnosed in three
eyes (7.5%). Further descriptive data, including axial
length, anterior chamber depth, lens thickness, and
white-to-white distance are illustrated in Table 1.
Preoperatively, the mean, standard deviation,
median, minimum and maximum values were 7.01
± 0.65, 7.12, 5.51, and 8.27 mm, respectively,
for horizontal pupil diameter, 7.09 ± 0.65, 7.09,
5.75, and 8.46 mm, respectively, for vertical pupil
diameters, and 39.33 ±7.1, 39.61, 26.87, and 54.64
mm2 , respectively, for the pupil area. The mean
change between preoperative and post-laser pupil
areas was -0.03 ± 2.12 mm2 (median: -0.35, min-
imum: -5.13, maximum: 4.16). Figure 1 illustrates
preoperative and post-laser pupil areas. A paired
t-test revealed no statistically significant changes
between preoperative and post-laser pupil areas
(P = 0.93, 95% CI: -0.71 to 0.65). In the subgroup
of eyes with larger preoperative pupils (pupil area
before surgery above the median of 39.61 mm2),
the mean change of the pupil area after FLACS did
not change significantly; in the group of eyes with
a preoperative pupil area of 39.61 mm2 or smaller,
it changed from 33.90 ± 4.41 mm2 preoperatively
to 34.29 ± 5.00 mm2 after FLACS (95% CI: -0.58
to 1.35; P = 0.412); and in the group of eyes with
a preoperative pupil area larger than 39.61 mm2,
it changed from 44.75 ± 4.68 mm2 preoperatively
to 44.31 ± 4.02 mm2 after FLACS (95% CI: -1.45 to
0.56; P = 0.367). In eyes of patients aged 75.5 years
or younger, the mean change of pupil area after
FLACS was 0.08 ± 1.88 mm2 (95% CI: -0.80 to 0.96;
P = 0.858), and in eyes of patients older than the
median age of 75.5 years, it was -0.13 ± 2.38 mm2
(95% CI: -1.25 to 0.98; P = 0.803).
DISCUSSION
To the best of our knowledge, this retrospective
study is the first to assess pupil sizes of eyes under-
going low-energy FLACS. We could not detect
any changes in the pupil area when comparing
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Table 1. Preoperative values of the relevant morphologic parameters in 40 consecutive eyes undergoing low-energy
femtosecond-laser assisted cataract surgery
Preoperative parameters Mean ± Standard Deviation [mm] Median [mm] Minimum [mm] Maximum [mm]
Axial length 24.01 ± 1.47 24.02 21.34 27.13
Anterior chamber depth 3.23 ± 0.4 3.23 2.39 4.01
Lens thickness 4.59 ± 0.41 4.62 3.69 5.32
White-to-white distance 11.97 ± 0.49 12.0 10.8 12.8
Figure 1. Preoperative and post-laser pupil areas in 40 consecutive and unselected eyes undergoing low-energy femtosecond-
laser assisted cataract surgery (FLACS). Error bars showing the means ± standard deviations. Preoperatively, the mean pupil area
was 39.33 ± 7.1 mm2. Immediately after the completion of laser pretreatment (after suction release), the mean pupil area was 39.3
± 6.75 mm2. A paired t-test revealed no statistically significant changes between the preoperative and post-laser pupil areas (P =
0.93, 95% CI: -0.71 to 0.65).
preoperative pupil status with post-laser size. This
is in contrast to previous studies using other laser
platforms that assessed pupil changes in high-
energy FLACS. Diakonis et al compared the effect
of three laser platforms (LenSx; Alcon Laboratories,
Inc., Fort Worth, TX, Catalys; Abbott Medical Optics
Inc., Santa Ana, CA, and Victus; and Bausch &
Lomb, Inc., Rochester, NY) on pupil diameter[12]
and found a mean pupillary miosis of 1.42 ± 1.26
mm for the LenSx, of 0.66 ± 0.89 mm for the
Catalys, and of 0.14 ± 0.34 mm for the Victus
groups. Almost one-quarter of eyes included in this
study demonstrated a pupil diameter of 6 mm or
less. Jun et al report a 29.7% decrease in pupil
area after femtosecond laser pretreatment in a
study sample of 56 eyes.[13] The same study group
reported, in a follow-up comparative study, that
the preoperative topical ketorolac tromethamine
0.45% significantly reduced femtosecond laser-
associated miosis and inhibited prostaglandin E2
elevation in the aqueous humor.[15]
With those systems, a larger pupil diameter
before FLACS was associated with greater miosis.
This is, again, in contrast to the present study,
as we were not able to detect a FLACS-induced
miosis even in the subgroup of eyes with larger
preoperative pupil areas. Similarly, we did not
observe any changes when subdividing data into
various age groups.
Our results are of clinical relevance because
small pupil size is generally considered a chal-
lenge, potentially leading to a higher incidence
or severity of complications in cataract surgery.[9]
Thus, we believe that the absence of femtosecond
laser-associated intraoperative miosis using a low-
energy platform may make surgery less challeng-
ing and less traumatizing.
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Because pupils do not always have an exactly
circular shape, measuring area changes are
more accurate than considering only diameter
in one dimension. Thus, we believe the most
appropriate—and probably most sensitive—value
to be assessed in similar studies is the calculated
pupil area, rather than diameters. When reporting
pupil diameters, both horizontal and vertical
diameters should be considered.
The “low-energy” concept using a high numer-
ical aperture in the femtosecond laser optics is
thought to be a valuable evolutionary step for-
ward toward smaller laser spots, thereby reduc-
ing collateral damage to the surrounding ocular
tissue.[17] While ”high-energy” femtosecond lasers
emit energy in the microjoule range, the modern
low-energy concept combines high repetition rate
above 1 MHz and pulse energies in the nano-
joule range[17] in order to achieve precise tissue
cuts with minimal mechanical side effects. One
possible explanation for the observation made
in our study is that a low-energy laser platform
probably produces lower ”collateral damage” to
the surrounding tissue, thus resulting in lower
amounts of prostaglandins and, thereby, no (or
negligible) intraoperative pupil narrowing. In fact,
researchers could not detect meaningful increases
in prostaglandin levels in the aqueous humor after
low-energy FLACS, as reported in a preliminary
clinical study (personal oral communication with
Professor R. Menapace, May 2018). This finding is
in line with our observation of unchanged pupil
area. Furthermore, it supports the hypothesis that
increased levels of prostaglandins are causative for
intraoperative miosis in FLACS.[16, 18] Nevertheless,
caution is warranted because those results have
not yet been published in the peer-review litera-
ture. Another possible explanation for our obser-
vation of unchanged pupil area could be the time
lapse between the femtosecond laser pretreatment
and other surgical parts: When using the Ziemer
Z8 laser, the surgery can be continued immediately
after the completion of laser pretreatment, while
in other lasers, the patient must be transferred
to another surgical table or theatre. The larger
short time lapse between laser pretreatment and
other surgical stepsmay be another explanation for
much higher incidences of intraoperative miosis in
previous studies.[13, 14, 18]
FLACS requires the application of a suction
device to stabilize the laser head and focus the
laser beam accurately. This may cause a significant
escalation IOP, which has been demonstrated for
the Femto LDV Z8 in porcine eyes. Ebner et al
showed that during the vacuum application of the
liquid patient interface values were higher in the
anterior chamber compared with the intravitreal
pressure measurements.[19] The higher predefined
vacuum level (350 versus 420mbar) resulted in sig-
nificant higher intracameral IOP. Another porcine
in vivo model showed that IOP with the Ziemer
LDV femtosecond laser was lower using the liquid
patient interface compared to the flat applanation
system.[20]
As the present studywas retrospective in design,
no interventions besides those done within the
clinical routine were performed. Therefore, we did
not measure IOP during laser application. There
are no previous studies on IOP in humans using
the Femto LDV Z8. However, Schultz et al reported
a minor increase in the IOP using the fluid-filled
interface.[21] Higher values have been reported
in the literature with flat and curved applanating
contact interfaces.[21] At the same time, miosis with
the Catalys has been reported.[22] Therefore, we
assume that it is not the IOP alone that contributes
to miosis and that other factors like energy used
might be more relevant.
The following limitations of our study merit
consideration: (1) a relatively small sample size of 40
eyes; (2) themeasurement of pupil sizes at only two
time points; (3) the study sample was completely
Caucasian; (4) no intraoperative measurement of
prostaglandins in aqueous humor; and (5) a very
short time lapse between laser pretreatment and
further surgical steps. Future studies will need
to shed light on these limitations. With this aim
in mind, a thorough sample size estimation and
power calculation are done on the basis of the
present results and will be used for a future study
that focuses mainly on the parameters found to
be of potential interest in this baseline study.
Nevertheless, we believe our study results are
valuable, as unchanged pupil dimensions will make
a cataract surgery less challenging.
Financial Support and Sponsorship
Alireza Mirshahi, MD is a consultant to Ziemer Oph-
thamic, Systems AG, Port, Switzerland; Katharina
Ponto, MD was funded by the Federal Ministry of
Education and Research (BMBF 01EO1003).
J  O  V R Volume 14, Issue 3, July–September 2019 255
Pupil Area in Low-energy FLACS; Mirshahi and Ponto
Conflicts of Interest
There are no conflicts of interest.
REFERENCES
1. Dick HB, Schultz T. A review of laser-assisted versus tra-
ditional phacoemulsification cataract surgery. Ophthalmol
Ther 2017;6:7-18.
2. Ewe SY, Abell RG, Vote BJ. Femtosecond laser-assisted
versus phacoemulsification for cataract extraction and
intraocular lens implantation: clinical outcomes review.
Curr Opin Ophthalmol 2018;29:54-60.
3. Grewal DS, Schultz T, Basti S, Dick HB. Femtosecond
laser-assisted cataract surgery–current status and future
directions. Surv Ophthalmol 2016;61:103-131.
4. Nagy Z, Takacs A, Filkorn T, Sarayba M. Initial clinical
evaluation of an intraocular femtosecond laser in cataract
surgery. J Refract Surg 2009;25:1053-1060.
5. Lundstrom M, Dickman M, Henry Y, Manning S, Rosen P,
Tassignon MJ, et al. Femtosecond laser-assisted cataract
surgeries reported to the European registry of quality out-
comes for cataract and refractive surgery: baseline char-
acteristics, surgical procedure, and outcomes. J Cataract
Refract Surg 2017;43:1549-1556.
6. Nejat F, Sarahati S, Nobari SM, Jadidi K, Naderi M, Nejat
MA. Preliminary results of femtosecond laser-assisted
cataract surgery in a private clinic in Iran. J Ophthalmic Vis
Res 2017;12:39-43.
7. Nagy ZZ, Takacs AI, Filkorn T, Kranitz K, Gyenes A, Juhasz
E, et al. Complications of femtosecond laser-assisted
cataract surgery. J Cataract Refract Surg 2014;40:20-28.
8. Roberts TV, Lawless M, Bali SJ, Hodge C, Sutton G. Sur-
gical outcomes and safety of femtosecond laser cataract
surgery: a prospective study of 1500 consecutive cases.
Ophthalmology 2013;120:227-233.
9. Hashemi H, Seyedian MA, Mohammadpour M. Small pupil
and cataract surgery. Curr Opin Ophthalmol 2015;26:3-9.
10. Bali SJ, Hodge C, Lawless M, Roberts TV, Sutton G.
Early experience with the femtosecond laser for cataract
surgery. Ophthalmology 2012;119:891-899.
11. Chang JS, Chen IN, Chan WM, Ng JC, Chan VK, Law AK.
Initial evaluation of a femtosecond laser system in cataract
surgery. J Cataract Refract Surg 2014;40:29-36.
12. Diakonis VF, Kontadakis GA, Anagnostopoulos AG, Yesilir-
mak N, Waren DP, Cabot F, et al. Effects of short-term
preoperative topical ketorolac on pupil diameter in eyes
undergoing femtosecond laser-assisted capsulotomy. J
Refract Surg 2017;33:230-234.
13. Jun JH, Hwang KY, Chang SD, Joo CK. Pupil-size alter-
ations induced by photodisruption during femtosecond
laser-assisted cataract surgery. J Cataract Refract Surg
2015;41:278-285.
14. Diakonis VF, Yesilirmak N, Sayed-Ahmed IO, Warren
DP, Kounis GA, Davis Z, et al. Effects of femtosecond
laser-assisted cataract pretreatment on pupil diameter: a
comparison between three laser platforms. J Refract Surg
2016;32:84-88.
15. Jun JH, Yoo YS, Lim SA, Joo CK. Effects of topical
ketorolac tromethamine 0.45% on intraoperative mio-
sis and prostaglandin E2 release during femtosecond
laser-assisted cataract surgery. J Cataract Refract Surg
2017;43:492-497.
16. Schultz T, Joachim SC, Stellbogen M, Dick HB.
Prostaglandin release during femtosecond laser-assisted
cataract surgery: main inducer. J Refract Surg 2015;31:78-
81.
17. Mariacher S, Ebner M, Seuthe AM, Januschowski K,
Ivanescu C, Opitz N, et al. Femtosecond laser-assisted
cataract surgery: first clinical results with special regard to
central corneal thickness, endothelial cell count, and aque-
ous flare levels. J Cataract Refract Surg. 2016;42:1151-1156.
18. Schultz T, Joachim SC, Szuler M, Stellbogen M, Dick
HB. NSAID pretreatment inhibits prostaglandin release
in femtosecond laser-assisted cataract surgery. J Refract
Surg 2015;31:791-794.
19. Ebner M, Mariacher S, Januschowski K, Boden K, Seuthe
AM, Szurman P, et al. Comparison of intraocular pressure
during the application of a liquid patient interface (FEMTO
LDV Z8) for femtosecond laser-assisted cataract surgery
using two different vacuum levels. Brit J Ophthalmol
2017;101:1138-1142.
20. Williams GP, Ang HP, George BL, Liu YC, Peh G, Izquierdo
L, et al. Comparison of intra-ocular pressure changes with
liquid or flat applanation interfaces in a femtosecond laser
platform. Sci Rep 2015;5:14742.
21. Schultz T, Conrad-Hengerer I, Hengerer FH, Dick HB.
Intraocular pressure variation during femtosecond laser-
assisted cataract surgery using a fluid-filled interface. J
Cataract Refract Surg 2013;39:22-27.
22. Walter K, Delwadia N, Coben J. Continuous intracameral
phenylephrine-ketorolac irrigation for miosis prevention in
femtosecond laser-assisted cataract surgery: reduction in
surgical time and iris manipulation. J Cataract Refract Surg
2019;45:465-469.
256 J  O  V R Volume 14, Issue 3, July–September 2019
